Valproic acid (VPA) is a commonly used agent in the management of seizures and psychiatric disorders. Hyperammonemia is a common complication of VPA with 27.8% of patients having elevated levels -that is unrelated to hepatotoxicity and normal transaminases. Common side effects include obesity, insulin resistance, metabolic disorder and severe forms of hepatotoxicity. Other rare and idiosyncratic reactions have been reported, one of which is presented in our case. A 27-year old patient presented with hyperammonemia and encephalopathy as a consequence of idiosyncratic VPA reaction causing drug-induced liver injury (DILI) with severely elevated transaminases. DILI is commonly overlooked when investigating encephalopathy in the setting of VPA. Physicians should consider DILI in the context of hyperammonemia and transaminitis.
Introduction
Valproic acid (VPA) is a commonly used agent in the management of seizures and psychiatric disorders [1, 2] . VPA has a well-studied side effect profile, including obesity, insulin resistance, metabolic disorder and severe forms of hepatotoxicity [3] . Elevated transaminase levels have been reported in up to 5-10% of patients while hyperammonemia is more common with 27.8% of patients [3] [4] [5] . Hyperammonemia appears to be unrelated to hepatotoxicity with most patients having normal transaminases. We present a 27-year old patient who presented with hyperammonemia and encephalopathy as a consequence of an acute drug-induced liver injury (DILI) with severely elevated transaminases. VPA is a simple eight carbon branched-chain carboxylic acid with properties of a weak acid; which has been attributed to blocking the voltage-gated sodium channels and increasing brain levels of gamma-aminobutyric acid (GABA), an inhibitory neurotransmitter [6] .
Case presentation
A 27-year-old male of African descent was brought to the emergency department for altered mental status. He complained of increased sleepiness for three days, which was associated with fatigue and anorexia. The patient denied any complaints of fever, chills, nausea, vomiting, headaches, abdominal pain/tenderness, diarrhea or constipation. His documented past medical history included asthma, chronic marijuana use, chronic tobacco use, bipolar disorder, schizoaffective disorder, and multiple suicide attempts. Haloperidol, benztropine, and aripiprazole were his regular home medications. He was discharged on oral VPA from a psychiatric facility one week before his presentation.
Vitals signs at presentation included a temperature of 98.2 degrees Fahrenheit, blood pressure of 117/ 82 mmHg, heart rate of 70 beats per minute and a respiratory rate of 20 beats per minute. The physical examination was notable for somnolence with ataxic gait, scleral icterus, and prominent asterixis. There was no lymphadenopathy, organomegaly, palmar erythema, gynecomastia, shifting dullness, or spider angioma. Kernig's and Brudzinski's signs were negative. Remarkable labs included an aspartate aminotransferase (AST) level of 12,000 IU/L (8-48 IU/L), alanine aminotransferase (ALT) of 7,000 IU/L (7-55 IU/L), ammonia of 184µmol/L (15-45 µmol/L), an alkaline phosphatase (ALP) of 96 IU/L (45-115 IU/L) and total bilirubin of 1.5 mg/dL (0.1-1.2 mg/dL). The patient had thrombocytopenia of 87,000 µL (150 to 450 µL) and coagulopathy with INR 2.40. Abdominal ultrasound and computed tomography of the head were both unremarkable. All viral hepatitis serology and toxicology panel including acetaminophen were negative except for a blood ethyl alcohol level of 9 mg/dl (0-5 mg/dl); which was also reflected in urine toxicology with the absence of other commonly tested substances.
Given the patient presentation, we suspected an adverse drug reaction (ADR) to VPA. Hence, we discontinued VPA and started on lactulose for hyperammonemia. On further exploration of his history, he reported previous use of VPA which was discontinued as he did not tolerate it, but no specific diagnoses or drug reaction was documented. After the second day of discontinuing VPA, liver function tests (LFTs) were trending downward ( Figure 1 ) and his clinical symptomology of hyperammonemia had improved; expressed by marked improvement of his mental status with minimal asterixis. By the eighth day, his ALT and AST levels dropped to 634 and 61 respectively, and his total bilirubin was within the reference range at 0.8 mg/dL. Platelet count and INR returned to normal levels. Based on his clinical course and laboratory values, a final diagnosis of VPA induced DILI resulting in hepatic encephalopathy was made. In our case, the temporal relation of the drug history and the clinical profile was strongly suggestive of adverse drug reaction to VPA and thereafter no further evaluation for any other etiologies was required.
Discussion
VPA has been used for seizure disorders, mood disorders, and migraine since the 1960s because of its efficacy and safety profile. However, it is not without side effects including hepatotoxicity, whose precise mechanism is still not established. Oxidative stress and some genetic factors have been speculated widely as the key mechanisms for hepatotoxicity [7] . Microvesicular hepatosteatosis is a typical feature of VPA toxicity and is suggestive of mitochondrial involvement especially involving the β-oxidation [8] . The recent study by Komulainen et al. showed the effects of VPA on mitochondria using the HepG2 cell in vitro model and further suggested an essential role of mitochondria; VPA inhibited mitochondrial respiration resulting in mitochondrial dysfunction, oxidative stress, and increased cell death [9, 10] .
Other speculated mechanisms are lysosomal membrane leakiness, inhibition of pyruvate uptake, carnitine deficiency, drug-induced coenzyme A deficiency and rapid hepatocyte glutathione (GSH) depletion [11] [12] [13] . Syndromes like Alpers-Huttenlocher syndrome (AHS), a neurometabolic disorder resulting from the mutation in mitochondrial DNA polymerase gamma (POLG), is associated with increased risk of developing VPA associated hepatotoxicity [14, 15] .
There are two types of Drug-i+nduced liver injury (DILI) Type I and Type II. Type I being dose-dependent toxicity with transient elevation of the liver function tests and VPA can be safely used if the levels are moderately increased. Our case is consistent with type II DILI in which there is idiosyncratic drug reaction with delayed onset of weeks to months following initial exposure.
Hyperammonemia is one of the common side effects of VPA which is thought to be due to inhibition of carbamoylphosphate synthetase-I, which commences the urea cycle [16] . Although asymptomatic, hyperammonemia is common and was reported as high as 51.2% by Raja et al. and Azzoni et al. VPA induced hyperammonemic encephalopathy (VHE) is unusual. VHE is thought to be mediated by inhibition of in glutamate uptake by astrocytes which lead to cerebral edema [16] [17] [18] . Glutamine production is increased but their release is inhibited in astrocyte exposed to ammonia [19] .
DILI, on the other hand, is also a rare etiology which also presents in very similar clinical symptoms. DILI in psychiatric patients is a clinically challenging diagnosis due to multiple medications. Clinicians must be vigilant and maintain a high level of suspicion when encountered with abnormal liver function tests in patients taking psychiatry mediations. In cases presenting with abnormal LFTs, like in ours, DILI should be among top differentials. Most of the cases presenting as VHE have been reported with normal or near normal LFTs [20] [21] [22] .While hyperammonemia can be attributed to other causes, such as polypharmacy since our patient was also on haloperidol, benztropine, and aripiprazole; but the elevated LFTs make the diagnosis of DILI more likely.
As an essential part of adverse drug reaction (ADR), causality assessment was done using the Naranjo scale and RHUCAM score [23, 24] . Naranjo scale concluded a definitive ADR with a score of 10 (> 9 is definitive) as shown in (Table 1 ). The RHUCAM score was calculated in our study with the following scores. Hepatocellular, second exposure, onset of < 5 days(+ 1), time from withdrawal of drug until reaction onset < 15 days (+ 1), risk factors being alcohol (+ 1), age < 55 (0), > 50% improvement in 8 days (+ 3), no concomitant therapy (0), excluded non drug-related causes: rule out (+ 2), response to re-administration positive (+ 3) with total score of 11 indicating 'Highly Probable' (> 8).
VPA in our patient was immediately stopped leading to the normalization of laboratory findings and rapid resolution of the neurological symptoms. Our case describes altered mental status, hyperammonemia, deranged LFTs as the presenting signs of DILI distinguishing it from VHE. Early diagnosis and management of DILI is very important as it has high mortality ranging from 11.7% to 17.3% [25] . Due to the poor prognosis of DILI, clinicians must do a thorough work up in the patient taking VPA with altered mental status as it may be a sign of DILI and unrelated to hyperammonemia. In VPA toxicity or any idiosyncratic reactions, evaluation with renal function tests, serum glutamate level, serum carnitine level and screening for urea cycle disorders can be considered especially in VHE. There has been some evidence of potential benefit from carnitine-pantothenic acid in cases with VPA induced DILI [26] [27] [28] .
Conclusion
Any patient on treatment with valproate, demonstrating features of cognitive impairment, focal neurological deficit, drowsiness, must be assessed for hyperammonemia and liver function tests. Early diagnosis and prompt withdrawal of sodium valproate may lead to clinical improvement in DILI.
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